We evaluated the efficacy of diffusion-weighted magnetic resonance imaging (DW-MRI) in detecting perioperative cerebral thromboembolic events after anterior cervical discectomy and fusion (ACDF). Methods: This retrospective case series included 51 consecutive patients that underwent ACDF. To assess baseline presence of plaque or stenosis, all patients were assessed for risk factors of cerebrovascular events and underwent carotid ultrasound preoperatively and cerebral DW-MRI was performed in all patients postoperatively, with areas of high signal intensity interpreted as a cerebral thromboembolic event. Results: One male patient who underwent a C4/5 ACDF had a focal diffusion abnormality on DW-MRI concerning for cerebral thromboembolic events in the right posterior cerebral artery territory. He remained asymptomatic and did not display related neurological symptoms, such as visual deficits. Conclusion: Asymptomatic cerebral thromboembolic events can be detected by DW-MRI after ACDF. The incidence of such events remains very rare despite the direct manipulation and associated alteration of common carotid artery flow dynamics.
INTRODUCTION
Since the description of the anterior cervical discectomy and fusion (ACDF) by Robinson and Smith in 1955 , 1 it has become one of the most common procedures performed by spinal neurosurgeons. Although ACDF is generally regarded as safe, prolonged retraction of the common carotid artery which is for adequate surgical exposure may decrease the blood flow of the common carotid artery during the surgery. 2 The reported incidence of postoperative cerebrovascular events associated with ACDF is only 0.13%, representing 1.51% of all complications.
complications associated with ACDF, most of them were symptomatic events. 4, 5 Recently, diffusion-weighted magnetic resonance imaging (DW-MRI) has been used to detect clinically silent thromboembolic events in cerebral endovascular procedures, with sensitivity as high as 60% to 80%. [6] [7] [8] [9] The ability of DW-MRI to give unique information regarding the viability of brain tissue suggests that this technique could permit improved detection of cerebral events associated with ACDF. We therefore obtained DW-MRI postoperatively in patients who underwent ACDF to assess the incidence of cerebral thromboembolic events, both symptomatic and asymptomatic.
MATERIALS AND METHODS
From April 2013 to April 2014, 51 patients with a mean age of 49.9 ± 12.1 years old were enrolled in the present study. All patients were sequentially scheduled for instrumental anterior cervical discectomy and fusion (ACDF) surgery at either 1 or 2 levels. Exclusion criteria were history of anterior neck surgery, including anterior cervical spine surgery and thyroid gland surgery. A total of 4 patients were excluded. Demographics of patients and surgical levels are summarized in Table 1 .
Duplex ultrasound measurements of right common carotid artery dimensions and flow velocities were obtained preoperatively using a 128XP-10 ultrasound machine (Accuson, Denver, CO, USA). Atherosclerotic carotid disease was classified into 4 categories: mild (< 39% stenosis), moderate (< 59% stenosis), severe (< 79% stenosis), and critical (> 80% stenosis). All patients underwent the surgery using the Smith-Robinson approach via the right side. During the surgery, a Caspar cervical selfretaining retractor (Aesculap, Tuttingen, Germany) was continuously applied to provide adequate surgical exposure of the anterior right aspect of the cervical spine. The retractor was positioned to move the right sternocleidomastoid muscle, right jugular vein, right common carotid artery, and right vagus nerve laterally, while moving the esophagus and the trachea medially. The retraction duration was recorded as part of the anesthesia record.
Within 48 hours after surgery, cerebral DW-MRI was routinely performed to assess for thromboembolic events, regardless of any changes in the patients' neurological status. A highsignal intensity lesion on the DW-MRI was interpreted as an acute thromboembolic event, and the number and locations of these lesions were recorded.
RESULTS
Preoperative duplex ultrasound measurements of the common carotid artery showed mild (< 39% stenosis) atherosclerotic disease with mural plaques in three patients (5.8%); the remaining 48 patients had no evidence of preexisting carotid artery disease. None of the patients with preexisting carotid artery received prophylactic anticoagulant treatment. The mean retraction time was 159 ± 24.3 minutes (n = 39) for single-level ACDF and 220 ± 33.4 minutes (n = 12) for 2-level ACDF. There were no episodes of adverse events such as intraoperative hypo- Table 1 Values are presented as mean ± standard deviation or number. tension or hypertension, intraoperative hypoxia, or severe anemia. Radiological results and mean retraction time are summarized in Table 2 . Postoperative cerebral MRI, obtained within 48 hours after operation, was positive for a highsignal intensity lesion on DW-MRI, in 1 patient, and this was interpreted as an acute cerebral thromboembolic event. This 64-year-old man had a preoperative diagnosis of a degenerative herniated intervertebral disc at C4-5. He underwent ACDF using a zero-profile anchored spacer with allograft bone chips. His past medical history was not significant for any underlying disease and his only medications were narcotics for management of his cervical disc disease. As is shown in Fig. 1 , no atherosclerotic carotid artery disease, including mural plaque, was detected on preoperative duplex ultrasound. His operative course was uneventful, without episodes of adverse events such as intraoperative hypotension or hypertension, and his total retraction duration was 140 minutes. Postoperatively he was stable, and taken to the recovery area without any noted neurological deficits. On postoperative day 2, cerebral MRI was obtained. On DW-MRI, a high signal-intensity lesion, considered to be an acute thromboembolic event, was noted in the right posterior cerebral artery territory (Fig. 2) . A full neurological examination including assessment of visual field was performed and found to be within normal limits. As the patient did not display any neurological deficits, he was discharged home in the general course. At 2 years outpatient follow-up after ACDF, the preoperative severe radiating pain and right upper extremity was relieved and the patient was without any neurological deficits related to the identified cerebral thromboembolic event.
DISCUSSION
Both spinal neurosurgeons and orthopedic surgeons commonly perform ACDF with a high rate of clinical success. Adverse events are overall infrequent and manageable. The most common and potentially serious acute adverse events include dysphagia, dysphonia, bone graft failure, and airway compromise. 10 Historically, thromboembolic events in the literature are typically reported for venous thromboembolism (pulmonary thromboembolism and deep vein thrombosis), especially in lumbar surgery. [11] [12] [13] [14] Recently, Oglesby et al. 15 analyzed data from the Nationwide Inpatient Sample database, demonstrating a the 0.37% incidence of venous thromboembolic events in ACDF. Romano et al. 3 studied postoperative in-hospital complication rates for elective ACDF, using discharge abstract data for all patients who underwent this procedure in California. They found that 6.7% of patients (n = 10,416) were reported to have one or more postoperative complications and cerebrovascular events occurred in 14 patients (0.13%). It is well accepted that intraoperative retraction during ACDF alters common carotid artery flow dynamics by causing a significant reduction in vessel crosssectional area. Through duplex ultrasound measurements of the common carotid artery flow velocity, Pollard and Little 2 reported that vessel cross-sectional area decreased by an average of 14% with the initial placement of self-retaining retractors, and decreased further to 70% of baseline by the end of an ACDF case. However, only a few papers have reported cerebral thromboembolic events related to anterior cervical surgery and most of them are case reports describing to symptomatic events. Chozick et al. 4 reported postoperative right hemispheric infarct in patients who underwent anterior corpectomies of the C4 and C5 vertebrae for cervical myelopathy resulting from ossification of the posterior longitudinal ligament. They suggested that the thrombosis may have been due to prolonged retraction on an atherosclerotic common carotid artery, and that an atherosclerotic common carotid artery might be more prone to thrombosis than a normal common carotid artery. Interestingly, Yeh et al. 5 reported a postoperative left hemispheric lethal infarct after a lengthy 5-hour anterior cervical spine surgery in a patient without atherosclerotic disease of the common carotid artery. In the present study, the mean retraction time was 159 ± 24.3 minutes (n = 39) for single-level ACDF and 220 ± 33.4 minutes (n = 12) for 2-level ACDF. A total of three patients underwent retraction greater than 4 hours, and one patient was retracted for 5 hours. One patient experienced a silent cerebral thromboembolic event as determined by DW-MRI, and he had a relatively short retraction time (140 minutes). Further, there was no evidence of preoperative atherosclerotic carotid artery disease, including mural plaque as assessed with duplex ultrasound measurements.
Cerebral endovascular procedures, which also manipulate the common carotid artery like ACDF, have an incidence of clinically silent thromboembolic events as demonstrated by DW-MRI as high as 60 to 80%. [6] [7] [8] [9] This discrepancy between the high incidence with cerebral endovascular procedures and the low incidence of 1.96% of silent thromboembolic events in the present study may be due to the direct manipulation of endothelial wall in cerebrovascular endovascular procedure as opposed to indirect manipulation of the endothelial wall in ACDF.
Major limitations of this study are first, sample size is small and a larger scaled study is needed. Second, the incidence of silent cerebral infarction on DW-MRI in the general elderly population increases with age. Thromboembiolic event located on the PCA territory in our study, despite the anterior circulation disturbance, can be an incidental finding or due to other origins including cardiovascular system.
CONCLUSION
This retrospective case series study revealed that cerebral thromboembolic event during ACDF is very rare, despite direct manipulation and compression of the common carotid artery during the surgery which causes alteration of common carotid artery flow dynamics.
